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CONNECTION SYSTEM FOR CONNECTIN G THAT COUPLES AT LEAST 

ONEAFLAT 

BLOCK OF COMPONENTS TO AT LEAST ONE AN APPARATUS 

rOOOn The present patent document is a continuation of PCX Application Serial 
Number PCT/EP2004/05374r25, filed December 279. 2004, designating the United 
States, which is hereby incorporated by reference and which claims priority to 
German Application No. 10 2004 005 545.9. filed FebruarvT 4. 2004. 

BACKGROUND 
Field 

[0002] The present invention embodiments ^ etetes -relate t o a connection system 
for connecting at least one a contact of at least on e a^flat block of components to 
least one^ apparatus-, having the characteristics of the preambl e to independ e nt 
claim 1 and to a flat block of components having th e charact e ristics of the preambl e 
to ind e p e nd e nt claim 8 as well as to an apparatus having th e charact e ristics of th e 
preamble to independent claim 14. 

{0002] — Thus th e present invention relates to a conn e ction syst e m for connecting at 
least one contact of at l e ast one flat block of components to at least one apparatus, 
which syst e m has a conductive connecting element, connect e d el e ctrically 
conductivoly to the at least one contact of the flat block of compon e nts, and a 
clamping d e vic e conn e ct e d electrically conductively to the apparatus, and the 
clamping d e vic e is embodi e d to receive the connecting element and thus, via the 
conn e cting e l e m e nt, to mak e an electrically conductiv e conn e ction between th e 
apparatus and the contact of th e flat block of compon e nts. Th e invention thus 
furth e rmore pertains to a corresponding flat block of compon e nts and a 
corr e sponding contact. 
Related Art 
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[0003] Conventionally, A ^a connection system of this kind is t>^pically realiz e d 
by means of a h asa cable harness, so that t\pically th e hamess. A conductive 
connecting element comprises includes individual conductors of the cable harness 
tha t, which are insulated from one another- ^Wh e n c The^able harnesses £ff ecan be 
used, it is a disadvantagee^s - because there are multiple t hat many individual 
conductors that h av e to b e need to be connected , which increases . As a r e sult, there 
is a great risk that individual conductors will be transposed, and as a result incorr e ct 
el e ctrical the possibility that there will be incorrect electrical connections are mad e 
aftd-or short circuits can be caus e d . Thus, there is a need for a simplified connection 
system. 

SUMMARY 

{0004] It is therefore the object of the present invention to malco a connection 

system for connecting at least one contact of at l e ast one flat block of components to 
at least one apparatus available in w^hich the transposition of connecting elem e nts 
can bo reliably avoided, and the conn e ction system goncrall>^ has an especially 
simple, sturdy construction. It is a furth e r object of the pres e nt invention to mak e a 
corresponding flat block of components and a corresponding apparatus availabl e . 
[0004] The present embodiments are directed to a connection system that 
couples a contact of a flat block of components to an apparatus, w hich mav obviate 
one or more of the problems due to the limitations and disadvantages of th e related 
art. 

{000§] In a connection system having the characteristics of the preamble to 

claim 1, this obj e ct is attained by the characteristics of th e body of independent 
claim 1. In the cas e of a flat block of compon e nts having the characteristics of the 
preamble to independent claim 8, this object is attained by the charact e ristics of the 
body of independent claim 8. In the case of a apparatus having th e characteristics of 
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tho preambl e to indep e ndent claim 1 1 , this object is attained by the charactoristics of 
the body of ind e pendent claim 1 1 . 

[0005] ¥htt& 4ln a preferred embodiment, th e connection system of tho invention 
for conn e ctin gt hat couples at least on ea contact of at least on ea flat block of 
components to at least on ean apparatus has bot h comprises a conductive connecting 
element.^ connected T he connecting element is electrically coupled t o the at l e ast 
one-contact of the flat block of compon e nts, and a components. A clamping device is 
conn e ct e d electrically conductiv e lv coupled to the apparatus. The clamping device 
is embodi e d to receives the connecting element . Accordingly- , and thus via t he 
connecting element to mak e an electrically conductive conn e ction b e tw ee n couples 
the apparatus and the contact of the flat block of components. According to th e 
invention 

{0006] In a preferred embodiment the connecting element connected i s _to tho at 

loast on e contact of the flat block of components is embodied as a rigid conductor, 
and the connecting element directly engages the clamping device of the apparatus.^ 
se-fea^ Accordingly. t he connecting element is connQctod directl y directlv coupled to 
the clamping device. B 

[0006] Because the connecting element is e mbodi e d as a rigid conductor 
conn e ct e d t hat is coupled t o the flat block of components, confusing the conductor 
with another conductor is prevented, and thus making incorrect wiring is 
preclud e d also prevented- . Moroove r in addition , plugs and fast e ning 
mat e rial fasteners for the flat block of components can b e dispensed with^ eno 
longer needed. , since the flat block of components can b e r e tained by tho clamping 
device directly via the rigid conductor of the connecting el e m e nt. Because the 
connecting element engages the clamping device of the apparatus directly, a 
compact construction of the connection system is furthermore attained, 
[0007] In a first embodiment, the flat block of components is a printed circuit 
boardi^. Tthe rigid conductor forming tho conn e cting el e ment is an tongu e 
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extension or tongue of the p rinted circuit board material.f and t The at l e ast on e 
contact is a conductor track disposed on the tongu e extension of the p rinted circuit 
board material. In this pr e f e rr e d embodiment, no additional components are needed 
to furnish the connecting element, elem e nt, no additional compon e nt is accordingly 
needed, malcing the conn e ction system of th e inv e ntion e xtremely e conomical . 
{0009] — In a second pr e f e rr e d e mbodimen t of the present inv e ntion , the rigid 
conductor forming the conn e cting element is a metal bol t which is fastened 
electrically fastened conductiv e ly directly to the contact of the flat block of 
compon e nts.In a third, particularly pr e f e rred e mbodiment of the pr e s e nt 
invention x omponents-. Alternatively, the rigid conductor forming the conn e cting 
e l e m e nt is a screw fastened electrically fastened conductively directly to the contact 
of the flat block of components. 

[00091 [00081 In this case pr e fer red-embodiment it is especially 
advantag e ous if t he screw has a head , the screw, wit h and a sha ft comprising a 
thread. The shaft having a thread, pen e trat e s is disposed in a bore mad e in the flat 
block of components in the region of the contact^^, aHd4The screw is locked via a 
nut on a second side of the flat block of component s, which is diam e trically opposite 
a first side of the flat block of components. 
Such a construction has e sp e cially gr e at stability. 

[00101 [00091 In the-a.thir d, particularly preferred embodimen t of th e pr e sent 
invention , it is also advantag e ous if t he head of the screw com e s into is electrically 
coupled el e ctrical contact with the contact on the first side of the flat block of 
components^j and/or t_ The nut of the screw com e s into electrical contacti s 
electrically coupled with the contact on the second side of the flat block of 
components , becaus e in this way an electrical conn e ction between the contact and 
thfl ronnQcting olement can he establish e d e specially easilv. . Accordingly, t¥ he 
contact and the connecting element are electrically coupled. 
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[00111 jOOlOl In another ^FefeH=ed-embodiment. For furth e r improvomont of 
th e e l e ctrical contact or for easier installation of the scr e w and nut, it can 
furthermore be advantag e ous if t he head and/er the nut of the screw is -are soldered 
or welded to the contact. Alternatively, the head or the nut of the screw is soldered 
or welded to the contact. 

[00121 room i n the first, second or third e mbodiment of the pr e s e nt 
invention, it is advantag e ous i fl n a preferred embodiment, the flat block of 
components is an assembled printed circuit board. In this case For example , 
preferably the inverter is one or mor e at least one rectifiers^- ^for on e or more 
invert e rs of a magnetic resonanc e gradient amplifier ar e disposed on the printed 
circuit board and T he inverter a ge-is connected to one or more associat e dti ie 
apparatuses via on e or more the - connecting elements and one or moroti ie_-clamping 
devices. 

(00131 [00121 In another exemplary embodiment I n general, it is 
advantageous if the at least one clamping device of th e at least one apparatus is 
furnished directly en- coupled to the at l o ar^t on e apparatus^ . Alternatively, -the 
clamping device of the apparatus is coupled to the apparatus via one or mor e 
separat e a_securing robots thgHg _nlQctrically connect e d electricallv coupled to the 
^ppf^rp^^^- _Tn tf>nt rnQft^ it \f\ ndvnntngGour. if a plurality o fl f a plurality of securing 
robots are used in a preferred embodiment it is advantageous to have 'the securing 
robots ^e-disposed in a row on a distributor busbar. 

[001 4 1 [00131 tf -Whenthe connection system of the inv e ntion is to be 
o mhodied for conn e cting many couples a plurality of contacts of the at least on e flat 
block of components to many- a plurality of clamping devices of the at least one 
apparatus, it is n e c e ssar>^ tha t-the plurality of the connecting elementss are be 
disposed in accordance with the disposition of the clamping devices on the at least 
one-flat block of components. 
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[00151 [00141 T h ein the preferred embodiments, the connection system of 
the invention is pr e f e rably suitable for th e situation in which th e the^apparatusJFor 
example, the connection system is suitable for an apparatus, which is a transformer 
for a potential-free supply voltage for full bridge inverters of a magnetic resonance 
gradient amplifier. 

[00161 [00151 In another embodiment. To furnish a disconn e ctabl e 
connection betwe e n the connecting element and the clamping devic e , it is 
advantag e ous if the at lea s t on e clamping device is a screw terminal or a spring clip. 
For example, the connection between the at least one connecting eleme nt and the at 
least one clamping device can be disconnected. 

[00171 [00161 P roforablv J n a preferred ombodimont embodiment, the 
connection system is suited for conductin g to conduct voltages of over 24 volts-. In 
another preferred embodiment, the connection system is suited to conduct 
voltages p rofcrably over 120 volts, and Qspociallv even more p referably over 240 
volts . In a preferred embodiment the connection system is sui ted to conduct ^aad/CT 
currents ef^over 0.5 ampeFe amperes. :^ In another preferred em bodiment, the 
connection system is suited to conduct currents p rcf e rably over 1 ampere, and 
Gspocially even more p referably over 10 amperes. 
[00181 [00171 In the ensuing detailed description, the present 
invontio npreferred embodiments will be described in terms of one exemplary 
embodiment in conjunction with the accompanying drawings. In the drawings, the 
same reference numerals identify the same elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Further advantages, characteristics and details will become a pparent from 
the ensuing exemplary embodiments and from the drawings. I n the drawings: 
[00201 [00191 F igure 1 schematically shows one exemplary embodiment of 
the connection syste m of the inv e ntion ; and 
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[00211 [00201 FigTure V shows a top view of a rigid connector of an 
alternativ e vi e w on a detail of t he connection syste m of the inventio n of Figure L 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[00221 [00211 In Figs. 1 and \\ the connection system of the invention is 
explained^ for example^ in the context of use with magnetic resonance gradient 
amplifiers. 

[00231 [00221 The connection system of the invention serves to connect 
contacts la, lb, Ic, Id, le, If, and Ig of rectifiers (the rectifiers are not shown in 
Fi gurcT 1) disposed on a printed circuit board 2 to transformers 3a, 3b, and 3c^iBF 
furnishing , which fumish a potential-free supply voltage for full bridge inverters, 
connected to the rectifiers, of a magnetic resonance gradient amplifier. ^The 
rectifiers together with the printed circuit board 2 thus forms fonn a flat block of 
components. 

[002 4 1 [00231 The inputs of the rectifiers are untangled bv coupled to 
conductor tracks (not shown) disposed on the printed circuit board 2^ _in such a way 
that4The contacts la, lb, Ic, Id, le, If, and Ig of the inputs of the rectifiers are 
disposed on the printed circuit board 2 in accordance with the disposition of 
clamping devices 5a, 5b, 5c, 5d, 5e, 5f, and 5g of the transformers 3a, 3b, and 3c. 
[00251 [00241 In Fig. 1, the transformer 3a has three clamping devices 5a, 
5b, and 5c, each with efte-a.screw terminal-^The transformer 3b has three clamping 
devices 5d, 5e, and 5f, each with eHe-a_spring clip. The transformer 3c has a 
conn e ction to is coupled to both a screw terminal 5g and a spring clip 5h. 
[00261 [00251 A s shown in Fig. T, in a first embodimen t of the pres e nt 
inv e ntion , seme -a portion of the printed circuit board material formin g , which forms 
the printed circuit board 2^ forms a tongue on whichj ias a contact I g is dispos e d^^ j 
so that the ovorall result is The contact 1 g is - a rigid conductor. as- aThe contact Ig is 
a connecting element 4g for conn e ction o f that connects to the transformer 3c, via 
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the screw terminal 5g and the spring clip 5h. _As shown in FigurcT 1, the transformer 
3c is embodied, by means of the clamping devices 5g and 5h, to receive at least one 
part of the tongue 4g, carrying the contact Ig, in order to furnish a direct electrical 
contact with the rectifiers disposed on the printed circuit boards 2._ It is und e rstood 
that for that purpose In this embodiment, - the clamping devices 5g and/or 5h m«st 
beare connected to the electronic components of the transformer 5 c and the rectifiers 
disposed on the printed circuit boards 2 . 

[00271 [00261 In another a second embodimen t of th e present inv e ntion , far 
malcing e lectrical connections with th e transformer 3a on the printed circuit board 2, 
thfee-screws 4a, 4b, and 4c are secured directly to the corresponding contacts la, lb, 
and Ic of the printed circuit board 2. The screws 4a, 4b, and 4c each have a head 6a, 
6b, and 6c, respectively, and \vith-a shaft 8a, 8b, and 8c . The shaft 8a, 8b, and 8c 
they penetrate s the bores 9a, 9b, and 9c, which are made in the printed circuit board 
2 in the region of the contacts la, lb and Ic. The shafts 8a. 8b. and 8c are 
electrically coupled to the bores 9a. 9b, and 9c. On a second side 1 1 of the printed 
circuit board 2 . which is diametrically opposite the heads 6a, 6b, and 6c of the 
screws 4a, 4b, and 4 c, the screws 4a. 4b, and 4c, are locked by nuts 7a, 7b, and 7c. 
As can be seen in Figr-ure 1, the contacts la, lb, and Ic are through 
contacto ddisposed through the bore 9a, 9b, and 9c from fee-afirsLside 10 oriented 
toward the heads 6a, 6b, and 6c of the screws 4a, 4b, and 4c to the second side 1 Ijz^ 
oriented toward the nuts 7a, 7b, 7c of th e scr e ws la, lb, Ic, so that both 
tbe Accordinglv, the head 6a, 6b, and 6c of the screws and the nuts 7a, 7b, and 7c 
and the shaft 8a, 8b, and 8c of the screws 4a, 4b, and 4c come into electrical contact 
wfth-the are electrically coupled to the contacts la, Ib ^, and Ic of the printed circuit 
board 2. 

[00311 [00271 In a preferred embodiment. T o simplify^ assembly and to 
improve the electrical contact, t he head 6b and the nut 7c of the screws 4b and 4c, 
respectively, are soldered to the contacts lb and Ic of the printed circuit board 2. 



Substitute Specification - Version Showing Changes 

To Gocurely provont loosening of the screws and to furth e r improv e the e lectrical 
contact, it is also possible. In another preferred embodiment, as is shown for the 
screw 'la, for both the head 6a and the nut 7a te-beare soldered to the respective 
contact la._ ^Fhus -Accordinglv. t he screws 4a, 4b5 and 4c are electrically connected 
or coupled t o the contacts la, lb, and Ic of the printed circuit board_2 fi^m-bv rigid 
connecting elements. 

[00331 [00281 T he screw terminals 5a, 5b, and 5c of the associated 
transformer 3a are e mbodi e d such that they at l e ast partly r eceive the screws 4a, 4b, 
and 4c. and via the The screws 4a, 4b, and 4c can mak e an e l e ctrical conn e ction 
betw ee n electrically couple the transformer 3a and the respective contact la, lb, and 
Ic of the printed circuit board 2. ,Both the screws ^a, 4 b, and 4 c and the scr e w 
t e rminals 5a- 5b. and 5c ar e e mbodi e d such that the The screws 4a, 4b, and 4 c 
directly and immediat e ly engage the screw terminals 5a, 5b, and 5c of the 
transformer 3 a. Accordingly, the transformer 3a and can thus b eis conn e ct e d 
directly and immediatel y coupled to the screw terminals 5a, 5b, and 5c. 
[00361 [00291 In a third e mbodim e n t an alternate embodiment the 
transformer 3b^ instead of screw terminals, has three-spring clips 5d, 5e, and 5f 
Tinstead of screw terminals. The contacts Id, le, and If of the rectifiers associated 
with the transformer 3b are disposed on only one side of the printed circuit board 2. 
For conn e cting t The contact Id is electrically coupled t o the associated spring clip 
5d of the transformer 3b.-_aA metal bolt 4d-.is electrically secured el e ctrically 
conductiv e ly by solderin g directly the metal bolt 4d directly t o the contact Id of the 
printed circuit board^. _The associated spring clip 5d is embodi e d accordingly for 
directly r e c e iving receives and electrically contacting contacts the metal bolt 4d. 
[00371 [00301 T he screws 4e and 4f differ from the screws 4b and 4c only in 
that they are not soldered to the associated contacts le and If, respectively. 
[003 8 1 [00311 In another embodiment, T the spring clips 5e and 5f are also 
e mbodied for r e c e iving and thus dir e ctly and imm e diat e ly e lectricallv are electrically 
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coupled to contacting the associated screws 4e and 4f, which directly engage the 
spring clips 5e and 5f^^ _ so that via th e scr e ws 1 e and If th e y will make an e lectrical 
conn e ction between t The transformer 3b is electrically coupled to a ad-the contacts 
le and If. 

[0Q39] [00321 S ift€e4In the connection system of the invention p referred 
embodiments, t bean electrical cormection is made via rigid conductors^ such as 
metal bolts, screws, or printed circuit board tongu e s extensions. and thus n o separate 
mounts for the printed circuit board 2 are necessar y, since they ar e carried directly 
by th e transformer s 3a, 3b, and 3c. ^ Mistakes in wiring can furthermor e thus be 
reliably avoided. 

[00 4 01 [00331 In an alternate embodimen t which is not separately shown, the 
elements 3a and 3b , inst e ad of being transformers, _ are securing robots, disposed in 
a row in a distributor busbar^. _by w^ay of which aA n electrical cormection is to be 
made between an arbitrary electrical apparatus, connected to the securing robots, 
and contacts of the printed circuit board 2. 

[00351 [00341 While the invention has been described above by reference to 
various embodiments, it should be understood that many changes and modifications 
can be made without departing from the scope of the invention. It is therefore 
intended that the foregoing detailed description be regarded as illustrative rather 
than limiting, and that it be understood that it is the following claims, including all 
equivalents, that are intended to define the spirit and scope of this invention. 
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ABSTRACT 

[0036] — A connection system that couples a contact of a flat block of components 
to an apparatus is provided. The connection system comprises a conductive 
connecting element electrically coupled to the contact of the flat block of 
components, and a clamping device electrically coupled to the apparatus. The 
clamping device receives the connecting element. The connecting element is a rigid 
conductor-. The rigid conductor is a screw fastened conductivelv to the contact. 
The screw penetrates a bore in the flat block of components and is locked bv a nut 
on a second side of the flat block of components, which is opposite a first side of the 
flat block of components— . The invention conc e ms a flat block of components and 
an apparatus, as well as a connection system for conn e cting at least one contact (la, 
lb, Ic, Id, Ic, If, Ig) (at l e ast one in number) of at least on e flat block of 
compon e nts (2) to an apparatus (3a, 3b, 3c). One conductive connecting elem e nt 
( 4 a, 4 b, 4c, Id, 1 e , 4 f, 4g) is connect e d in oloctroconductivo mann e r to said contact 
(la, lb, Ic, Id, lo. If, Ig) (at l e ast one in number). A clamping device (5a, 5b, 5c, 
5d, 5e, 5f, 5g, 5h) is conn e cted in olectroconductive manner to the apparatus (3a, 3b, 
3c). Therefore, the clamping d e vice (5a, 5b, 5c, 5d, 5 o , 5f, 5g, 5h) is designed to 
produce an e l e ctrocoductiv e connection, betw ee n th e apparatus (3a, 3b, 3c) and ihe 
contact (la, lb, Ic, Id, lo, If, Ig) of th e flat block of components (2), via th e 
connecting element (la, lb, 1c, Id, lo. If, Ig). The disadvantage of this typo of 
conn e ction syst e ms li e s in the fact that the conn e ction is generally provid e d via 
cable bundles with a plurality of individual lin e s, which entails risks of cormection 
faults and short circuits. Th e inv e ntion is charact e rized in that this problem is solv e d 
by the fact that the connection element (la, lb, Ic, 4d, lo. If, Ig) connected to the 
contact (la, lb, Ic, Id, l o , If, Ig) (at least one in number) is in the form of a mor e 
rigid conductor and that the connection element (la, lb, 4c, Id, 4o , If, Ig) 
p e n e trates directly the clamping device element (5a, 5b, 5c, 5d, 5o, 5f, 5g, 5h) of th e 
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apparatus (3a, 3b, 3c) and is thereby dir e ctly connect e d to the clamping device (So, 
5b, 5c, 5d, 5o, 5f, 5g, 5h). 



